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(54) WiBiompWIoniVitiniindmithod 

(57) The mothod Includoi mnnlng i lirtif 17. protfudlon 
packer 15 and poliilwd bora rocipticle (PBR) into a will 
on thi production tubing string 11, cgmenting thg liner 17 
in place by pumping cement through the production 
tubtng string 11, setting the pecker IS, and optionally 
thereaHer releesing an upper poition of the tubing string 
from the PBH. A seal aaewfibly ieolatii the PBR bore from 
cement exposure during liner cementition. Annulue 
pressure producee a reverse fluid iiirse and dreulating 
flow to prevent PBR seel eree comamination when the 
tubing string is lifted away from the PBR A connecting 
asaembiy 1 2 ia suspended from a production tubing string 
n to position the uner 17 in a weUbore. The connecting 
assembly transmits rotational and longitudinal forcee 
from the production tubing string to property posWon and 
cement the liner in the weHbore. The connecting assembly 
indudee a device 20 to limit tornue forcea on the tubing 
string, and a longitudinal slip mechaniam 28 pemnita 
limited longitudinal movement be t wee n the connecting 
assembly eifid tubing string. A padcar 15 is sat to seel 
between the production tubing tiring 11 and M well 
casing. An extended length of tubing lie esaenda below 
the packer to provide a continuoue tubingffiner-caaing 
overiap area for cementation. 
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WBLL CCMinxnON SYSTEM AND MEmOD 

Ti»V'tataiittwatiM xtiMiu gamay to tt^ 
pMlicolariy. tWs iin«ntioo idates to an 
5 t ling in place wiUdn a wdl and for comaietiBg the iwlHii a hw,.^^ . ,yt|fch 
m i n l miT ea the munber of trips into and oat of the wdl. 

Bactomimd nf riwt rnventiQii 

lioen aze q^incany used in petioleua recovoy open^ tocase^oew 
sections of wdlbow drilled bekw an alieady cased secti« Hielineris 
conventiooany attadied to a driU string and is lowoed with a liner banger and a 
poashed b<« iBcqjtade ftom the diffl airing ibon^ 

tbe liner is positioned in the open boie. The liner hanger b subsequenUy set to 

andior the top of the liner to the base of the aoiTOinidii« casing, wh^ 
was fixed widun Ae wdL 

Tlie liner is coovenriooaUy cemented in ihewdlboie. A fluid ceawnt duixy 
is punped do«m die ddn string and dtcdaied up thmugh the open i»d^ 
the annuhisaiea between die finer and the casing. A cement annulus is dun formed 

between d» exterior of die liner and tbe wans of die wdlbore. and ideally extends 
fiom just bdow the liner to (be beae of the liner banger. 

In Qixeal finer hanger insttUatioas, dieliner hanger U anchored nea^ 
of die pievloasiyceoiealed casing string. Tlie Dner is thus suspended diiecfly ftom 
die banger, wUeh m tun is suspended fiom the casing string. A polished bore 
racqnade (PBR) is postdooed directly dwve die hanger, and is cemented in place 
with die liner banger, nds design provides a rehdvdy short "overlap- between the 
25 casing and die liner, whidi makes it difBcuU to place die proper volume of cement 
in die overiap area wiUiout oveniispladag and fordag die cement diove die liner 
hanger and polished boie reoepiad& 
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Ttc Hflcr hiMer ii tvoiallY inediaoiMnY act hv moweiMBt or fatega ^| f 4 
by die dsiH sddng or is bydrauliciUy set by pnsudBBg fluid in tbe drill stxiiic« 
After besog set» tfie andbomi liner hanger, polisbed bore noepiacle. and aondwd 
liner oiay be ideaaed fiom the dzffl string by nsechitti^ 
5 In a typicaL liner installation, tbe liner hanger is equipped with a bearing 

aember whicb permits tbe finer to be itrtated after the liner hanger has been set 
RotatioQ of the liner during the cemrartatien process is employed to improve the final 
placement of die cement around the liner and thus the quali^ of tbe cctnenting 
opentimL SpedaUied hanger designs and setting tools operated by the drill string 

10 are employed to hang off and rotate the liner. 

After the cementing c^aatkn and tiie tripping out of ti)e drilliog string, the 
liner is ooomiooly tied back tp tiie sur£sce with a inod ThePBR 
provided dizecdy above the liner han^ has a smooth, cylindrical inntt 
to receive and seal witii an external seal assembly catried at the bottom of tte 

IS which stabs into die liner hanger PBR. Because die open bore of die PBR directly 
abovetheconventionalliner hanger is exposed when the driU string is sqnrated from 
the liner hanger, cemeot which frequendy has been p\xsapeA above the liner hanger 
faDs into the PBR b<He when die drill pipe is disengaged from die hanger. The 
presence of this debris, as weU as mechanical damage to the receptacle occurring 

20 9ihjen cementing die lim m place, may prevent a seal assembly from subsequendy 
entering or sealing widi die ito^tade bore. When diis occun, expensive and time 
coasoming dean-up trq» and r^air procedures are required. The operation of 
trippirig die driU string in and out of die weU to condition or rqiair ^ 
running in widi die production tubing may take days of rig time and cost buodreda 

25 of thousands of dollars* To complete die wdl, a production tubing string may be 
sobseqpeatiy trq>ped in widi a production packer which is normally set high above die 
liner hyiger. Typically anodier PBR is imvided for getting on and off die set 
production packer. 

The conventional polished bore receptacle at die upper end of the liner 

30 employs a polished bore diameter which is equal or larger dian die internal diameter 
of die MKT, so diat a liner hanger PBR and sealing assembly do not restrict 'full 
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pofd" iaieoal access to die liner. Tbe prodnedoa tnUag suing domi 
and sell with ibeliiMrFBR. The sedamddy for soling with the finer FBRmni 
setf tfie fenealfy siiniflcMil annular net beeneea the liner PBR ban and tf» 
geaerally smaller outer diameter of die pcodoedon tnbiog. This lesolts in lafge 
5 ptessnte-indnoed forces acting abora and below die seal assenddyoooedw 

is engaged widi die liner polished boie receptacle; Most importantly, the Ihier 
FBR^pibdnctiaa tubing seal aneohty is eg^osed to oonnal fiidd flow and pnason 
from die lower prodndag fonnadoo. These piessiii»^ndttoed foiees may impart 
excessive stresses into die prodocdon tubing ning, restating in distniko, binst 
10 and/or ooOaiMe of the pnMhiedoa tnbbg stdng. 

A typical liner instaUatioB enqiloya an andumd pfodoctian packer m 
tubittg-to-casiiag anoulus to bodi isolale die liner PBR from flill snnular hydrostatic 
pressures, and to absoib and tzanste to the cassg the annpveasive tubing axial knds 
resulting from normal high preaa urd exposu re of die internal piston area between the 

15 tubing and liner PBR. Hie casing may be open frcmi above the lin er VBR to below 
die production podrer. Altentatively, a hibolartypicalty smaller in diameter dian die 
production tubing may extend from die prodocdoa packer to seal widi die liner PBR. 
The typical installation fiirdier iododes a pecker PBR, ^zed qipR^nialely to die 
upper tubing, to permit disengagement for fluid dreuladon, hibing retrieval and 

20 accommodation of normal leagdi changes m die tiihing string extending to die 
suiftce. 

During die cementing process, it is inpoitant to minimize fotmadon damage 
by limiting die hydrostatie pressure incased against the formation to be produced. 
Factors afibcting die hydrostatic pressure nchide die height of die cement column in 
25 the dria stting and die pump pressure leqimed to ovetoome pompiog friction 
inessures. Ifigb cement c^umns and high pump p r e s s ur es can produce Mg h 
hydrostatic pressures ixddeh may severely damage the p rod ucin g formation. 

T%e quality of the cementation process is affected by bodi die velocity and die 
turbulence of die cement flow as it moves into die aonidus between die liner and die 
30 soiToonding wdlbore and casing. A feduedoB in die velocity and turbuloce of the 
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tbe lidithoto as te eeo^ 

Tlio diMdviiittBCt of tto priof trt ovttoomo by tho pttwot iiwcptioD» nd 
an iimmiv wl uiflh^ and symn are bavriaafter diwlflwd ftir cwncmtag a finer ia 
5 i^AoeitdtUiiaivdlbMaadiDOfeeoooo^^ lliattduiuiiieQf 
tUa isvatioo the mmdwr of tt^4i and trip-out opefalioDS» and also 

provides a xeiiable cemeniing opentiaa wUle rniafaniieing fannstioo ddn dsnage. 
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l^fiMTvofthelnventkip 

Hie system and oediod of the pieseat mvatiao eatploy a prodncdon tubing 
stxiag ladier ten a diill stnsg to posidoe a liner in a wdlbare and oemeat the 
liner in plaoe. Tbe tedudqiie of ibis ioveodoa tfae oooveodaial liner 

5 hanger, lii»r pofiabed boie leoeptacle and aeal assembly, drill pipe, and associated 
liner hangei/polished bore receptacle tunning tools. A productkn packer and a 
tw%m Twt^^itmela CPSSTi m nm in wilfa (he nnxhiction tubing strina above the 
lh»r. A pordoii of the produedon tubing extends bdoar the prodnctioa packer and 
tfae polished bore leeqrtade and fonns an extended overiap section between tbetuUng 
10 and surrounding casing in the area below the packer and above the base of the 
sunonndfaig caang. Tins extended awOsp section provides an an^ area fat 
conqdete cemeotatioii betw^ d» prodncdon tubing and casing while reducing die 
danger of pumping the cement above^die PBR, wfakfa is preteaUy apeoed h^ 
die lower end of dm ca^. Sttingen of cement n^ddi tend to devdop above die 
15 cement lop during cemeotatioaaiedraspbysicaUyisolatBd from die pvoducdonptckBr 
by die extended ovcri^, diieteby ndnimizing contaminatioa of die area above die 
production packer where die PER is located. 

The system and method <tf die present invention pennit die prodncdon tubing 
to be used to position, lotate and/v reeqin)caie die liner to more rdiably poatioa and 
20 cement die liner in place. Tlie production tubing connections are dixeaded and have 
^tt^t}^fring metal4o-metal seals wbidi ttdenle high torque fiaces. A tonpie 
transnds^on ami torque limiting member transmits torque firom the productioo tubing 
string to the liner, and disengages when excessive torque is ^qdied to isotect die 
tubing connections. Loogitudioal movement between the tubing and liner is permitted 
2S by a Sti p mff j tt?f which pff^*T InwphtHiiii^l r^^mr^^n^nt nf ihf. pnyfaicrinn tnbing 

String relative to die Uner. The production tubing string may dius be moved during 
an emergency when cementing the liner, or when oormally producing, treating, 
sdmulatiag, or killing the wdl. A shear mechanism controls initiation of tubing 
movement after die Uner is cemented. 
30 iliesystm of die iavcntieoindudes a production paekar which may be set 

widioat movement of die liner. The packer is connected to die production tubing 



o 



-6. 

so Oat the annilir pate 
dieltedowiiholeandwIiaxQtatfa^ Tlie 
packer any thus be sec after the liner has beea eeaieniBd in place. In a pnBtoned 
Item of te iaventhmt ftie pecker ooataios t smU o^loiive chaxge which is 

5 detonaied fiom dia wdl smfMc. The settmi pio oe dui e is inikpfnrifnt of wdl 
pressure or tubhig t nov emca t to prtveot the packer from settfaof durjng die finer 
ptacCTifnt <?r r*^«M^tig np«rinn- The paclm U also cqnhle of illowisg for (be 
dxculatioo of hi^ den^ fluids at high ftow rates ia the annuhis betweee the 
(mdiictlofi tMog string and die casisg both before and during the liner cementing 

10 opeiatiott. and then subsequent setting of die pedcer without 01^^ 
string. 

The PER be prpMded widi a release ^slm whidi pennits release <^ 
producdon tubing string by various 4peans, bdttcBng pKSSuriz^ 
anmiius above die FBR. Upon initial sqwation of die tiAing strings a rapid rev^^ 

IS flmddicnlatifln flow iaeittbli And which purpoacfaDysurys and sweeps cement and 
odier contaadnanta upward into the tubing and awiy from the bore of die PBR. 
Specified seaUng memben at die lower end itf die seal assembly widistand diis 
intentional <fifBBrendal piessnre unloading technique; The invtntioa thus allows die 
production tubii^ string to be re-engaged witfi the pofiidied bore rcffifptacte without 

20 die need far subs e qu e nt pr oc edur e s Id dean and redress dm PBR- 

According to the method of tim present invendottf dm liner is po s itioned and 
cemented in place usiiv dm productiantubrng string. For a given wen, the volume 
of cement which may be carried widdn an asdal lengdi of a typical production uib^ 
string ia greater dnn that which may be carried by the sanm add lengdi of a typical 

25 drill pipe strii^ Accordingly, die cohmm of ceaoent contained ia die drill pipe 
extends higher than dm same volume of cement c ont s in e d in a production tubing 
string. The shorter cement cohmm employed acoordfav ID dm mediod of die present 
invention produces a lower hydrostatic pressure in dm weUbore which is less injurious 
to the hydrocarbon bearing fonnatioo. 

30 Use of prodnctian tubing rattier dian drill pipe to cany dm cement to d^ liner 

also reduces mud mnamip*^^ of dm cement durry. Drill strings are typically 
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isienaQy iqnet at tlidir tbie^^ 

(tiwmrinnirtea in Oe flow pHh of the driQ string. Hie pnmpKlown irtngs placed 
abesMl of and behind the cezneat slurry do not eCBdeody vinpt the cnnatrkied am 
of tbe ddU pipe. By cootast, a pibductioa tubing firing which en^ddys premium 
S shoaklering» metal-to-metal scab in tbe tfseaded-end connectioos has t substantiaily 
unifbim central bene which is efficiency wiped by the pump-down plugs. The 
smooth flow oonArit provided by the prodoctkm toUng also improves the flow of 
cement in the boiefaole as wdl as in the casing-to-Uner annulus by riintingrttig 
excessive birbulefioe and velocity in die cement flow. Moreover, by pfovidiog 

10 productioa tubing rather dnn a Bner widiin the set casing, the lap an annulus is 
increased to obtain n more rdiiibie cementing opcratioo* 

Tbe design of the prejKOtqfsscmdiminalea the noedlbr sepan^ 
and setting ttxds» and penaits die use of bodi oOfidd tubobn wbh smaller outside 
diameters and btfger inside diameters as cooQMied wtfli cooventiooil cementing 

15 systems* Tlie FBR may be sieed for tbe production tubiog string rather tiian ftar the 
liner, so that it baa a ssndte outside <fiameier and t shmter length than die FBR 
conventionally provided stbove die liner hanger* lUs tetnre permiis larger fluid 

Bcom tlie teegning^ it will be sppieciatBd tlmt n {Himary dbject of the 

20 invention is to provide emeAod and system for install 

eliminatei the requirement for a liner hanger and a t'^^^^ liner-hanger running 
toot wlncb must be witlidiiwn fhn the well prfc)r to nmning in the final com 
equipnienL A rdated object of dm indention to dimiaatettieiieed for & liner ba^^ 
to support the liner and permit rotation of the liner during cementation after the 

25 hanger has been set Since die liner hanger is not required as a suspension device to 
secure the liner in the weObore during the ^^^in'^nting operation, no liner hanger 
bearing members are nsquired to allow the liner to rotate rdlative to the ha^ 
the cementing operation. Anodier object in diis invention is to enable continuous 
circulation thn>ughoutaU liner idaoexxiem<»^dhUH^ condittoning and cementing 

30 stages* This oontinuoas dxculaticn capability increases wdlbore safety and wellboie 
integrity and cmtrel in a manner which is not posable according to c onvent io nal 
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te d al qawt whsnltt a Jiaer banger and maniiiK tool lequife — of mud 
dxenlatioa during di a c o nnfrrtnn of the numing tool prior to ooauneaoecneat of 

Afiotber oikjeet Of tbe jKOOtt ifiv^ 

S installmg a liner in a wtB wiiliout the noraial oemeat conliininariim of the Hser 
hanger poliahed bow xoocptKie, By riiminating both the liner hai^ and flie Bner 
PBR above the base of the set cuing, subsequent remedial opeasien$ leqyiied to 
iqiair danage to the PBRboic caused dating the cementing 
The tnethod and system fOT installing a liner widm 

10 within the caang an adequate dlmncc 6oai the ccment^lop to swhrtaniially oinindzB 
or practicaJly elinrinate the H Wihnod of the pumped cement fiPmg the PBEL The 
technique of this igvention alyo ledocei <he Iflcriihood of cement stringen wMcfa tend 
to devdop above the cement top dum^ 

It is also ao object (tf da present inventioo to provide a method and system 

IS for cementing a liner in a well using a shorter cement ariunm and improved cement 
flow passages to reduce the hydrostatic head and efltetxve drculadng pre ssur e s 
commonly eoaxmtered in cooventkaal cfanfUtiTig procedure, dareby reducing the 
pressure of the cfinmting fluids acting on the down hole prodocdon fbnnatiOQ and 
inacasngceoovery of hydrocarbons. A related object <rf the present invention is to 

20 improve the quality of liner cranentation between both da borebdeHo-liner section 
and da liner-«<asii&g overiq) area by reducing the turbd 
flow with the use of |ttO(fatctiOQ tubing radar dan drill pqa for a ccmendng string. 

It is a ligniflcant iieature of da present inventioo dat wdl compledoo costs 
may be substandaUy reduced by eliminating separate, repetitive trips assoriatrd widi 

25 running a Eaer hanger in a wdl and dareafter jnterawmecrtng the polished bwe 
reoqytacle with a production tuMng string. A related feanne of da invention is that 
the completion costs are substantially reduced by mfmmirhig the Ukelihood of one or 
more remedial pipe running trips necessary to restore da mechanical int^ty of da 
lioer-co-PMt, or to clean out cement 6om the PBR. 

30 Itisafurdarfeatureofdahiveoiioa toredwdanagetoafbrmatim 

by die hydrostatic head of cement By reducing die hydrostatic head of da cement 
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inttexanseof fiooi5« ioS«, fonnatioQ fiactimpftsm 
tto^ sgnificantly ledodiig damage to the fonnadon and iiiatasmi the neovery 
of hydxocaitxms oooe the oemeoted liner is perfboMd. It is a fintber feature of tiie 
invoitioa to iooeaae the quality of die liner ceneatiiis opendoo by fedodng 

5 tnrlwlence and vdodty cement flow, and by mmimiTing the HWihoort of cement 
contamination by wcU floids or mud due to 
tluottgh ^i^wiar* witb non^unxfbnn intcmal bores* 

It is a idaled feature of the invention to reduce the pumping pressures 
lequixed K> flow cement into the annulus between tin liner and the formation. The 

10 flow area in the lap section below the production packer and above the 

bottom of the casing is increased. A relatively short PBR and padcex assembly may 
be u»d witb a smaller ootBC diameter than convendooal systems, thereby teauitxi^ 
in lower eflbctive dicolating pressi^ 

A fiirther feature of the invention is that the pioductioti padv 

IS rotate witb the pfoductkm tuUng string while the liner is positioned within the 
weUbore and is cemented in pi»e. The packer is designed to withstand external mud 
drenlation during drilling, dzcnlation, or cementing operadons widiout adversdy 
impecdng its subsequent setting and sealing fimcdons. The packer is designed to 
enable running on the prodocdon tubing without reqidring additional setdng tocrfs. 

20 The pactCT may mMmally aet in the casnig without movement of the central packer 
body, and may utilize hydranlic pressure downhole for packer-seedng energy without 
an internal port exposed to mud and/or cemcndng fluids. The packer*setdng 
opeiatioo may also be imtiated and controlled by a remotdy txansmitied signal. 

Yet another feanire of the invendon is diat the production tubing seal assembly 

25 is able to withstand high annulus^to-tubing diffierendal pressures due to the design of 
the seal assembly and die pdished bore rec^tade. The PER may also be provided 
with a torque transmissioo and torque limidng device, witb a single or multiple shear 
mechanism, and with an annulus-pressure response disomnect device. 

It is an advantage of the invention tiiat existing downhole components maybe 

30 used in mudi of the system according to die present invention. Anodier advantage 
of die invendon is die reduction in downhole tools and setting tools required to 
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com^leiB a wdL A ftnte advainte of the iitvcntte 

fi^fffmimmA fgg imfividuil wcUs wfaicb ittpnTC diffacul dilOQiUMedoo tod lOfld 

cagying l e quiro iieali, Trippiog out ooly a poitioa of the prod^ 

jttjniittl to coDpielB tte wdL 

That and ftmher dl^eciSt featuzes and advanttgea of die piaent isveotion 
beooine apparent ftom tte fidlowing detailed deaa^dott, whemn lefe renc e is made 
to die figuiea in die aco omp a ny ing diawings. 



o 

• 11- 

Rgoie 1 is a vtrtiai dev^kxii partially in sectioa, scheoxatfcaUy dqrictiiig 
a cooveadooal liner with a typical tubing string tie back to tbc wcU smftoe; 

Figine 2 is a vertical devaiiaQ, partially in sectioo^ illnstiating tlie assembly 
S of the present inveoiioo eoqdoyinf a producdoo tubing string u positioD the liner, 
ceniem the liner in plaoe and »t the production 

Figure 3 iUustrates the system of die present ioMotioQ as it 9pean fol^ 
rdease of the prodnctioa tubing fitom die polished bore reoqitacle and showing a 
reverse oxeulatioii of fluid which imvenis centtnrinatioo of the polished bore 
10 reoqMecie; and 

Figure 4 is a vertical devatioot pardaUy in secdon, generally illustrtting a 
torque tnnsmitting and toique limiting nwriiam s m and a shear-^pe rdease 
mecfaaiiisni eadi provided widdn an upper portion of a polished b^ 
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Hguic 1 aMtnttgaeonv CTrtofM l H i wrhMg er a i ^ geiPcat indict 
atLHA. AlinerbanferlHUiUustntedsupiN^^ 

CS, irtiicli has pmidoitffy been oeiMatB^ llie 
5 liner L exfinds bdow die caiing stzing CS and into an open boidiole B. A lower 

polished bore raoeplade LPBR is {xovided inimedifltrly above tha liner hanger, and 

opens upwardly towmi the weO suiftoe (not illustrated). 

Duxii^ die naming of die liner L» a dxiU string and setiii^ tod (not 

iUustratficQ are used to kywer the liner L, die liner hanger 
10 bore rec^tacteZJBR into dseinostrated position within die bordi^ Cement is 

diculaled into die bonhote through die drill string and liner L. Daring this 
^ cementing process, it is usuaQy desirable to manipulaie die drill string at die sur&ce 

to cotatB and/or r e cipreca ln die lioer L as the cement is being ^iiplarH into die 

boehole B. Prior to ceme ndng , the liner- hanger LH is set and the drill string is 
15 released ftom the liner hanger. Special wei^ carrying rotating assemblies in die 

liner hanger are used to rotate die liner dming die cementatioQ. 

Cement in die annulus between die liner L and casing CS is firequendy over 

displaced during die cemendng process and die cement is dieulaied up over die top 

of duft lower polished bore receptadeiPBIL Tlii* cement and odier solids in die drill 
20 string^tOKanng anniilm fall down into tha hem of tha kim» pnl i !yh#d hmm T -rrp tlrif 

LPBR when die drill string and setting tool are releaaed at the coaqrtedon of die 

cementation procedure. 

After the liner is ancbOTCd in place and die drill string removed, the 

completion or produedon tiMng string FT is lowered into die well with a pKioer 
25 tailpipe FTP,, a produedon packer PP, and die upper PBR. A production packer PP 

may be spaced 100 meters or more above die liner hanger, and seals between die 

production tubing string FT and die casing string CS. The upper polished bore 

receptacle UPBR is provided immediatdy above dtt production packer, and allows 

die production tubing string to be selectively disconnected from die set production 
30 packer. Tlie seal assembly S A at the lowennost end of die production nibing string 

is inserted into die upper PBR. Debris falling into die lower PBR as well as 



o 

-13- 

^n^iM^mnu^x duufo fo ftc lowBT PBR bcKt duiisg ptoffrmenl of tfae liner or xdeue 
of the drill strifig may pievtot efiedive Kaliog of a sed assembly (not siiown) with 
tl» LFBIt Mmover, atten^ts at insertii« tbe seal assembly into the ben of tbe 
I^BR may damage the seal assembly, thevAy pieiveotin^ 
5 Hgure2ilhistntfescoefmhndimmtof thesystem 10 accorting to tte present 

inventioiL A canng itxing CS extends from d» bordide B to«^ 
(notiilustiaied). tSiesystemlOudlianaooaqilelianorpiQdiietiontnbfaigst^^ 
wUdi during pfPffafftlim ties back to a xeodving vessd or transmission line on tfae 
suffice, to easy a coniiecdng assembly icpraenied geaenlly at 12 into the wdL 

10 TlieconDeetingasaenibly 12 sesves tbe imimeofbodi sealing the piodueii^ 

string widi the set caang and inieroonnecting and sdeetively d i sco nnec t in g die 
pfodttcdon ^*Wftg string fiom the eciuijunent bdow assembly 12* The coonecdng 
assembly 12, in a genecal sense, tfuis periimns a function rimilar to tbe producdon 
packer PP and die n>per polished bote geccptade UPBR shown genenlly in Pig> 1. 

IS Refieniiigjointly to FIgi. 2 and 3, die coonecdng assembly 12indudesaseal 

assembly 13 whidi extends between die prodocdon tnbing strii^ 11 and a polished 
borefooqitacieM, wUchispiovidedaboveapioduclknpnc^ ThesystemlO 
alaohidudeaasecdimofprodncdontiddng lUextendhigficombel^ 15 
to die liner 17« The piodiicdontnbhigsecdan 11a provides an extensive overiap am 

20 between die O.D. of die production tubing Ua and die LD. of die caang string CS 
for leceiviAg lymftrt to bodi improve cementation between dto lower end of the 
casing C and die liner 17, and to protect die PBR 14 fiom contact widi die cemenL 
A plurality of oentnliiers 44 are pxefenbly provided along die length ^ die 
tutiing sectiOQ Ua between die packer 15 and the iiner 17 to centralize tbe tubing 

25 secddn 11a within the casing strii^ CS, A crossover sid> 16 connects die lowermost 
end of the tubing secdon Ua widi die liner 17, which extends downwardly into die 
open borehole Those skilled in die an witt apptedatt diat, in many applica^^ 
the liner 17 does not extemi into a vertical borriide as shown in die figures, and 
instead extends into an inclined or substantiaUy boriiDntal portiOT of die borebole. 

30 In eidier caae, die production tidiing sirii« 1 1 is manipulated fiom die wdl surface 
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Id potftloB the Hnv in piiOB wrtbui tliB borehole nd ocomt is pisBd tfaroiii^ ilio 
pfoduedoo tubing string to ccu icn t tho liner wifbin Aid borehole; 

Figon 2 ilhistnies die liner 17 in iXMitioii wiOb 
cftmented into place. During die process of lownng die liner into posidoQ« the 
5 pn)doctiOD toWng string 11 tniy be lotsiBdsnd i B dp roc ^ 

liner into proper potftkn. A dutch mfrhsniim or odier tnqye transantdng and 
tcmpie limidng devke 20 as discussed ftinher bdow is pteftnUy positioQed in die 

^ . connfrting assembly 12 and penults ttie nMaiy forees of the pioductioQ string 11 to 
be transmitted to die liner 17. Indieevemdiat the liner 11 should lodge or should 

10 odieswisB become difBcnit to lotatet die device 20 will release to pennit nnatim of 
the string 11 without co nnsw>ndiii g movement of tte liner 17. This feature pnocects 
threaded omnacdofis in die striqg 11, sudi as 22, from being damaged due to over- 
toxquing. 

Ceoient is punned from die surfuetfaniugh die piodoctioa to 11 

15 and out of die bottom of the Imer 17 into an annulus A between the bordide B and 
the liner 17. In the pro c es s , upper and lower tubing wiper plugs 40 and 42 may be 
employed to provide separation between die cement and die drilling fluids. Whiletfae 
cementing is in progress, die liner 17 may be rotated and/cv rec ipr ocated by 
manqmladng die tulung string 11 toensureproperdidmraement of die cement in die 

20 annulus A. 

By punqriiv oenwnt through a production tubiqg string rather thu 
drill pqie string, diefaydrostadchewlofdse pumped cement may be reduced, diereby 
minimiwng damage to die formatioo. Those skilled hi die art wiUqipreciatediat die 
internal diameter of a suhaUe produedon tiriiing is larger than the ini^^ 

25 of drill p^ ooovestionally used for transmitting cement to die liner and into die 
bordiole. Foranygiva well qiplication, the same vohinie of cement may thus be 
pumped -thioughthelinerandinto the borehole with a lower hydtostatie bead due to 
die larger internal diameter of production tubing used for each wdl as co m p ar ed to 
die size of die drill pipe string used m drilling and servicing die same welL Also, 

30 upper and lower wiper plugs which are used to separate die cement from odier 
wellbore fluids frequendy cannot do an effldent job of wiping die interior suriiaoe 
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betweea tbe joints of (bin pipe due to the 

pipe connecticms. By uliliziag prodi^tiOD tubing rdfaer than dxill pipe to punq> the 
cement to die liners oore effideot wiping of die plugs is obtained doe to die 
substantialiy unifonn diameter of each of die joints of tubing bodi atoog die full 
S leagdiofeadijointaiid between adjoining tabular j 

tubing eoonection, A soilabletidringaocQnling to the present inwcnto 
both Model 521 tubing manu&ctuied by Hydxil or luUng manu&ctuied widi Atlas 
Biadfbid Modd DSS*HTC dneads. The desired mbing has substantially unifbnn 
intmal diameter bores and high pressure meial*to-n^ 

10 reaaooaUy high tnqoe and pennit effteient wiping of dse ceoient si 

Tlmeddlledindieanwinapineciatediatasid^^ fv 
examidei 300 meten may ^pically exist between die prodnctioa packer and die 
lo w ei mos t end of die casing sning Ittdiepitorart,asshowninng. l«apacker 
tailpqw FIT conventzooally extends between die producdon packer FP and die liner 

IS hanger LE. Using conventioaal techniipies and eq^^ 

FTP and the liner L bdow the liner hanger LH have an internal bore diam^ 

is less tlian the bore of a suitable piDd uc don tubing section 11a which extends 

between dre producdon packer 15 and die liner 17 aoooiding to the present ^ 

This feature reduces die bydrostadc head of die cement during die cementation 

20 process to prevent formation damage. Equally important, die O.D. of d» padmr 
tailpipe FTP of tlie prior ait is greater dian die 0*D. of die prodocti^ 
11a of die present invention^ Accordingly, die use of production tubing string 11a 
provides for a tfaidrer annuius which is si^bsequendy filled widi cement dian the 
annulus provided aoomfing to die prior art, diereby obtaining a more extensive and 

25 reliaUe cementing job and because of die increased vohime available to receive 
cement, reducing the likelihood diat cement will be pumped up to an area adjacent 
Uie producdon packer* Also, die threaded cod connections of a conventional liner, 
like die direaded end coonecdons of a dxiU pipe, pnrade a high resi^^ 
flow of drilling mod or odier fluid while die cement is pumped into the wdl. By 

30 using production tubing rtifaer than drill pipe above die producdon packer, and by 
using producdon tubing radier dian aliner bdow thepadoer, improved flow passages 



o 



-16- 

MP provided imi yirimro nQQifod to pump ite cBOMPt downholR lod tp fixoo 
the wril fluid upward to the nutee in tfia mmhis wiflda the casing string CS is 
rediioedt toeby again ledacing the limhnnd that caceaive piessuie win damage 
the fionnatiOQ* 

S The pedDBT 15 is let after oemndng with die oae oft sorfi^ setdng 

system (nol iUnstiaM) ^wiui^ wit^ The setting lystem may be 

designed to aettaie a set ef sG^ 24 and an anmdar pedoer seal 26 wifliout axial 
movetnent of eilher die praductiaa tubing string 11 or the padcer 15, iRdiich is 
structundly secured to die oemeniBd Hner 17. Anexampleof this signalling system 

10 is described in ootxespooding U,S. Patent Applicatidtt Serial No* 08/386,565 filed on 
Febxuary 10, 1995, and assigned to dieassigoee of the present applicalion. la the 
siting n>^ii«T^ iMn aococdfai^to tliis invention, an exi^osive diaxge may be contaiimi 
within the setting nieehanism and nu^y be detooaled 

signals sat fiom the wdl suiftce down thmugh the well flmds to die packer. It is 
15 inq^oftant diat the packer 15 may be set using positive fluid pressum applied in the 
annuius between the casing and the production tubing string as the setdng force or 
energy. Intenottl ports commonly used to set a production packer by increasing 
intern^ production hdnng fluid pressure would become plugged widi cement ai^ 
prevent the production pedfer from being reliably set The padocr may dxus be set 
20 downhole in reqwnse to a pressnte or pulse signal gmrratfd at the snrface, and may 
use posidve ammlua pressure nther dian internal pioduction tubing pressure as the 
setting fierce ^ 

AsbestiUiistiaiedinFig. 3,diepadmr 15 holds die top of die liner 17 firmly 
withb die sorroimiBng casing C and provides a seal between dm casing st^ 

25 liner 17. Tte packer 15 serves to provide a rdiabk seal to keep formadon fluids 
fiomenteriiig dm aimuhis between die casing and dm product!^ 11 in 

the event that well fluid pressure leaks past die cement surrounding die liner 17, 
SUpa 24 within dm packer prevett weU pnssure above or below die set pidcer to 
axially moving die packer widun die casing string C& 

30 The pedoer 15 Is a diilling^ompBdble packer widi an aimular seal 26 which 

rotates widi die prodttcdoondiing string 11 while die Imer is positioned downhole and 
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dun^ tfaeceaieoiuigpfOQCfl. TlieaiiattIarptclBmi26istfia]BB9fQd« 
mcdtttrinlly mtenxymfrfrirl ^ tfao mmdtd wfaicfa piaei thiough the packg m1 
and tfaoa iidth tbe iffodiietksQ toUog the amuilir pMker 

seal were aUowod to lemain statfouxy agniut the side of die cuing string while the 
3 prodnctios t^^^g jfripg rotitnfi which is the couvuitioosl inugcnmt foft mott 
packent ^ffiri^ ud letli in die ptdoer would <iinctdy ddcrioiale. Since die 
anmiltr packer seal totttes with the {mdncdoa tubing stringy mfrhmiral guides or 
centialiasn (oat illustrtfecO may be provided ^bove and bdow the productiaii padocr 
tft rrtwrff ttW nkrfih904 ^ ^ "met Mntil» packer leal gngaging Aft caAig dttfing 

10 rotation of die prochiction tubing string, diereby minimiiing damage to die annular 
packer seal. 

The annnlar seal 26 of die prodoclioo padoer 15 U alao designed ID te 
widistuid die fluid pzessura as mud passes iqywaxd past die ptoductioo packer in the 
annufais between die casing and die pcoducdoQ tubing string* Hie annular packer seal 

15 of die ^oductioo pecker should be bodiaieed and sinicti^ 
this diculation pressure sinoa fluid flowa ^ 
being posidoned downhble snd white cement is bdng pumped di^^ 
tubing string and into die becehole. 

tt is a featnre of the present invention diat die poKshcd bote recep^ 14 may 

20 have an internal bore diameter which appraximales die outer diameter of die 
pvoductioQ tubing U, rather dian having an intenal bore dameier which must 
accommodatetfaeconvemionally larger outer dianiftrr of die packer t as 
shownindieprior art of Hg. 1. For a given wdU die p(tohed bore receptacle 14 
may thus have a smaller outer (fiamrtfr and have a shorter axial leagdi than PBRs 

25 used in prior systems for die same welU dierdiy further lowering the pressure 
required to circulate drilling fluid upward between d^ die 
cementing opcraticn* 

When die tubing string U is anchored at die wdl surface, iimited longitudinal 
movement of the tubing string 11 relatrw to the cemented liner is permitted by a slip 

30 m^fhmMmt 28 induded in die coimccftng assembly 12. The slip mechaniim 28 
allows die tubiflg le be moved as required to properiy set die tubing 11 in die PBR 



.18* 

14''iiid to lagdmi or OQamet widi lopeet to tte FBR duiag nonnd p ro dudng or 
ticlttttC oponlioQi. Thcprpdocttoii mbim striiit 11 cny thm mowc widi mpocit to 
fhe PBR U wiOoiit j eop udldpg the setting integrity betweca tfio liner and tiie 
production tuUng string. TIib PBR 14 inqr aooept vamiiis typet of seito 13 ^ri^ 
5 asl^maduDiiinilB. SineedieinlBnal<UuietBrof dielWbQnqi^^ 
outer diameter of die pradnedon tnUng st^ 

to a high pceeni»4ndiioed fixcee wiieQ die pfodi^^ 11 branoved 

fiom die FBR 14. During dds diaooooeedon qpeadon, dm lower seala 32 are able 
to widiriandahigbpressnieittdieannulnsPAduriogdier^^ as 
10 diacowed bekw. The FBR 14 is dms byxlnmlicdly compatible with die producdon 
tubing to minimim pressuie difBneadai forces acting oo the seals within the slip 
assembly. 

The FBR 14 aeendiiif to dds inventioii nay be designed to mnsinit bodi 
tonionai and teasile lotds during monittg and cementing of the liner. As shown 

15 genecaOy in Fig. 4» die vpfa end of die PBR 14 nay iodude a torque tiansmission 
mecbanim 34, which mqr coiisist of dictmifisieodatty ana^ 
end of die ptoductkm tuinng string 11, and madng teedi 38 at die uppv end of die 
PBR 14. The teeth axe dcaigned for madng ei^agemcat to tiansmit toique between 
die prodncdott tnbing string 11 and die body of die PBR i4» and dien to die 

20 productioo tubing 11a bdow die padsBr 15 and dms id die liner 17. Various types 
of torque n anmiiaiinn machan i wH my be provided far sewing dds pnipose. The 
tuqoe tnnsndsaian mechanism 34 nia.y4dso inchide lorqpe-Uiniiing memben, such 
as wdM 35t eicfeading ndiany ontwaid fion body 36 each to fitt^ 
35b widiift die FBR 14. The webs and ShMs are designed to aonnally allow 

25 engagement of die teedi 37 and 38 lo ttansmit torque dmi^ die webs 35n to die 
PBR 14. The webs 35t any be designed to shear and dwreby Unit torque to, e.g.. 
30,000 ft lbs., ditts ensuring that excessive torque is not transmitted to die threads 
22 of die production tubing string 11 if die Oner L dwuld become stock downhole. 
A dutch or oilier torque wansmission and t(»<que limiting mechanism 20 may be 

30 provided to rdi^ly transmit torque while Bnddng torqw for die purpose described 
above. 
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IbD anemUy 12 uy alio cootiio an iaiettoGk syami designed to ausam 
i^fffl ^iiM iftoHft^ hfldi gompffitrive ifld teante, viAiidi ooy be expected in ilie 
oooveyinDBorttieiBlniig/Bnerqfaimi^ The iniaiock syitem may 

alaoieleMe topennitanali p0 veaic a tofdicaedaaaeaj>^ 13 

S after the liner cementfiigopeniian« Thb axial mofvanent nay bete the poipoae of 
oomiiiete diaeogmeoent of die aetl aiaanAly 13 fiwn die FBR 14 u leqidnd te 
fluid dicniatioo or te die adcBdoo of c ompon e nii to die tubing atdag 11, or to 
cootmLand enable rdative oiovemcQt of the aeal aaseobly 13 witldn the FBR 14 
while maintaining pcesaure integrity. 

10 Figure 4 ilhiatiaiBa a ihigk ring-shaped shear nendier 39 to 

embodiment of an interiock^stenL The shear member 39 fa Uandiadianyoutwani» 
but is prevented by die qqKr My of FBR 14 fim 

position shown in Fig* 4. Oareatdtosuf&oe, membenMmay bethreeded fhxdisr 
in» dierdyy compressing die sbear member 39 and albwiog the aeal asaembly 13 to 

15 be reaxivod ftom the raR 14. The asaenibiy 12 may alleniativdyindude a multiple 
sbear system to accommodate tidring stress and tubing length changes. A shear 
assembly may thus indude a plurality of shear rings eecfa intended te ^tearing upon 
a selected axial force. During stimulation, remedial recovery opentionSt or Idlling 
of the well« one of tfae shear rings may be designed to riiear upon the apfdkation of 

20 a selected axial tece to die tubing string, dierdyy allowing die seal assend)lies 13 to 
move up. Fuxther axial movement will dien be prehibited tiy the next shear ring, 
which will remain in tact uodl a higher axial force is subsequently qsfrfied to die 
productioi tubing string. Ihe seal asaembly may dnis be stoked to diear a ring, and 
will relatch in a new axial posidon widun the PBIt This sequence may be repealed 

2S as often as desired, depending on d» number of sbear rings. Due to the multiple 
Ioad<axrying and releasing funcdons of die interiodcsysM 12, various 

mechanism may bt employed, dtlier uidividuaUy or in combination, to achieve the 
flexibility requirements of varying anddpaled downhde coodidoos and sequencing 
operations. 

30 Theassenibly 12 may also indude an teteriode system which is reqwnaive to 

annulus pressure for (fiaoonnecdng die production tubing strii^ 11 from die polished 
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boe leoqNide 14. Varioitt nedintau nay be ua^ 
lemottiy actiaied medasism Removal of tbe 

tuUng string 11 boat the FBR 14 may be lecjiniad, foe cnntinpiei to conipleie or 
wodoofvcr the wdL Reoiovai may be eObcied by applying peemie to'tbe aosuius 
S between die pcodncHflii sriag 11 aod tlie suxomdiBK caring CS. The inenaed 
aniMiiua pieiBiie nuty >hearipin<yonifar!iifig a Jcleciwlpieaiufep t^^Mfcy frfg^^i^g 
an aimular preaime itiponilve p i ilo n i Axial mcyveaiant of the pttton caiiaei the 
mechanical ndeaae of aa^imrhinim wfaicfa previottsiy connected the prodoctkw 
ttdnng string 11 and the PBR 14. The coanecdng aaaemUy 12 may thus contains an 

10 intedock system with a telease mechanism ^i^iich jnovides fot the idease of the 
pfodttctioQ tulnig string fiom the packer 15 and the Imer when the annular pressure 
exceeds thai within the tubing 11 by a sdected value xequured to shear die pin and 
telease die piston. Once relessedt die tuMng string 11 and seal asaeoddy 13 may be 
puUed up into die position tUustrtted in Fig. 3. 

IS The gcoendon of a positive annutais pressoie co m p ar ed to die production 

tubing pressure during disconnecdon of die tubing string 11 fitnndiePSR Hoteales 
a reverse flow of fluid as mdicatBd by die arrows F in Fig. 3, thereby sweqmg any 
debris or other cmitaminants up mto die tubing and away ficom the PBR 14. This 
reverie diculadon is continrifri until die solids in die wdl fluids have been lemoved^ 

20 at widdidnae die nddng string may be wididrawn* The seal assembly 13 is equipped 
with lower seals 32 which are designed lo widistand Ugh dlfRereatial pressure 
ii^l^fc^Hipg ftty^if^f^f ^ ^*"<?h ^^ff ^^'if^iti w <tfffCTlfrfiil yfrwf whfrg there exists 
a posidve pressure diflerendal between die annuhis and die flow path of die tubing 
11. Tbe seals 32 are also designed to widistand die revem flow <rf die wdl fluids 

2S vdiicfa occurs immediatdy upon separation of the seal assembly 13 from die PKt 14. 
A rigraficaitt feature of this inventkm is dat fluid circulation^ 
the liner placement and cementing opemdoos. According to prior art tectim(iues« 
circuladon was discontmued when disoonnecdng the running tool from die liner PBR 
prior to the cementing opeiadon. By allowing for continuous drculadon* weUbore 

30 safety is fnhanmd and weUbore hitegrity snd control is incresaed. 
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If nqoxal, ipactioo<tftbe|iRMhicto 11 be tt^ped out 

and then tripped btck in to install t aftty valve 46, as ^lown geaenlly in Fif. 3. 
At tbe same time, odier equipment tasfy be instilled at a poaitioii above the set 
pfodnetion packer IS. A ooovcntkmal downhole tool may be used to allow die 

5 tfi m idf 7? jp f fc^ ptrfMikBi ttMng tting at a sekcted aadal location to be broken 
apart, so ttiat only a portion of tbe prodoction tubing string 11 need be retrieved to 
the surAoe. Altemativdy» varloos types of di«mnect mem b ers may be imvided 
jdong the lengdt of d» poduedon tubing string 11 betvveen die surfine and die 
production packer IS. so diat only a portion of die production tubing string 11 may 

10 be retrieved to install a safely valve 46 « similar equipment As a further 
alternative, the release mffhr"?^ discussed above may be acdvated, and die entire 
production cubing string tripped out of the well before perfinating the production 
zone* 

After setting diepadoerasaeinbly 15 and hanging off die tttbii« UindieweU, 

15 a conventional dirough-die-tidiing pesfination and con^letion b performed. A 
suitable perforating tod (not iUustnted) may be lowered duough die tiiUng 11 and 
into tbe liner 17 to the subsurfioe location bearing die hy dr oca t fa on s to be produced 
through the production tubing string. The perfoiating tool is actuated to cut 
perforations through die lii« waU and sunouttding cemett and into die for 

20 that the hydrocarbons in die fmnation may flow into die liner and dnough die 
production tubing string 11 to die wdl surface. 

According tt> die mediod of the present inventifln^ a liner, production padoer, 
and a polished Ixne recqMade may be run in on die production tiAing string* Tbe 
production tubing string is formed ftom tubing sections with a unifbrm internal 

25 diameter in each tufamg section and between adjoining mbing sections. The 
production tubing string and the mechanically interconnected packer seal rotate 
together when posidoning the liner in the weUbove and during the cement pumping 
operations. At least a portion of die annular overlap between die production oibing 
string and die lower portion of the wdl soring is filled with cement during die cement 

30 pumping o p er at ion. Cement is dms pumped dmmgh die production tubing string 
ladier than duough a drill pipe string to cement die liner m place. The production 
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pite then be «t with 1 prodKtte 
Tlie piodiBlioa p^lDBr is set wita 

with amiiiliit jmssun uiilixiog xemotB initiatioa <rf the pedoer seohig sequeaoe is 
xespoose to pulses crpressme. ttshwMbeundentood thet» iaooefimhcrtiin^ 
5 the inventioa, hydrocsxboos sie xtooverod at the surftoe through the productioa 
tubing stdng. In ottier cm hndimmts of the invcotioet the tnbiiig string is trrlinirally 
not a iTOduetim tidiing stringt lioM 

well thxou^ tids tiAing string. In oter applications, the tobfaig string may be 
utilised for evihiaiionof diesbseaoeof flowOT|neauieam 
10 The oooaecthigtsseinbly also inefartf)lyii^^ 

for selectively enabling the prodoctioo tubing string to cogage or diaengage from the 
productioa packer. The tyjenectln g assembly timy also indude an expansion 

miiii4ian<ffi Cnr mt^r ^ mn^ng «riftl tfwri of thft pmAietinn tuMny string 1 1 relative 

to the set pedoer, a torque ttansmitthig device* a tmioe limitaig device, and a shear 
15 assembly with one or more shear rings. 

should be apparent from the above desc rip tioo of the piefaie d embodiment 
Although the isventioo has dms been descrfiMd in detail for a specific embodiment, 
it should be unders&Dod dial ddsex^anation is for inusti^ and that the inventioa 
20 is not lindted to the lOsclosed mibodlmrnL Altenadve e qui p m ent and operating 
techmqoes will be ^ipum, to flioae skilled fat the art hi ykm of dus diadosuie. 
Modifications are thus rontrmplatnd and m^ be made widiout depardng from the 
spirit of die hiveodoo, which is defined by the dahns. 
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1. A inediod for oementiiii a Itner in a wdlbore bdow a ^ cttiag, 
poadooiDg a iiner in a wdlbote from a tailing stxiog pass^ 

5 cainD^ 

punipiageemeottlinragh d» tubing atxing and the liner to cement the tiner in 
the weObotB while medankaDy posiliamng the Uoer firtun the tubing itzing; and 
setting a iw±er to seal between the tubing stxing and the wdl casing wtdled^ 

liner is poiititmgd wiOin the wdlbne fiom the tubing siring. 

10 2. Ilie awdifid as defined in aaim 1, wbodn: 

fonniag the tubing .^tring of tubing sections cadi baving a mbstmtiilly 
nfiifawn ititental diMMter flow psssMB tfaroughoot its teuttfa and bettwen adjoining 

tubing sec t io i is. 

3. The method as defined in Claim 1, fitcdwr cooprising: 
15 applying a fluid pfessote extenally of the tnbing siring gieiter than fluid 

piessuie within said the toUng string: and 

mechanically rdeasing die liner fiom the tubing string in xesponse to die 

applied fluid ] 



4. The medwd as defined in Claim 1, flixtter comprising: 

20 mtm il"'**^ tiMi^ atring tn move the liner irtiile cement is being ounmed 

into the wellbofe. 

5. The oedMd as defined in Oaim 4. fiudier comprising: 
mechanically interconnecting the tubing string and an annular packer seal on 

the pftirV**' snch thai the packer seal lotatea with the Qibing string widiia the well 
25 ramng during maii^NiIatioa of the tubing string. 
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6. ttemeMu defined in Glim UfiBtteroaopriifaig: 
dsenlttiBgwdlflaidbet«e«tfaepKiiBraadd» 

7. The laeAoA at defined in CUm 1, wiwnin aettiag dm pndser is 
poftniied widMot moving din oiUng ning iptced above tte 

liner is eenienind in flaoe widun die wdibora «^ din linar ttnenniUy fixed to die 

padoer. 

8. Tte oedtod as defined in Claiin 1, wlwRinaefling die indaer includes 
utilizing annuka pressure between the tnbiag string and die wdl casing to set the 
packer. 

9. ilie mediod as defined k Claim 1, fiml» 

exteodit^ the tubing string bdow the packer^ whereby a tubiag*to<asing 
amiular overlap area is (btmed becweea a lower portioa of the tubing string and a 
lower portioQ of the wdl casittg: and 

puniiing cement includes pmitlnning cement hi the overlap area. 
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10. Anethodof iiutillin«*lin«>«*''**l^^ 
potiiiooiiig t finer, * ptcker. lod * li*ing fiWBO^ 

a toMog string; 

pooping cenent ttooogb tlie tDbing 

Ihe wdBoie wUle circataiing wen fl^ 

diseoniiect in the weDbore; 

numpulaliiig the tuWag string to mow 

the wcDbore; and 

the pteker to sed the tulring string in the wdlboie. 

IL the method as defined in Claim 10, fuitfaeroompri^g: 

piesaonzing an atmai^s ««oed exterior of the trira^ 

aetivaling tlm tnbing disconnect to lanove the tnbiog string fiom the padeer 

wbik maintainhig the pressuie in the atmidQS to pemiit fluid 
into the tnbing string. 

12. The method as defined in Claim 10»fiiither comprising: 
OTtftffm^''*"y limWng thft tnique tiansmitied between the tubing string and the 

liner. 

13. The method as defined in Claim 10, fiudier comprising: 

the tubing disconnect includes a polished bore reoeptade iMth a unif<xm 
diameter boi« therein and a seal assembly for sealing between the nibing string and 
the tmifbim dlamfitfa' bore; and 

sizing the uniibrm diameter bore as a ftinction of an outer diameter of the 
tubing string to regulate the pressure di£fereotial«induced loading on the seal assembly 
and die tubing. 



c 
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14. AflMhodibreenptatfagaiMlI, 

riTrffpi''B ouMflt ihHW^ dw produuiloD tiiWin fldni to csoBBt'ite linsr is 
5 ^vfdSboat 

seOixif tliB prodaedn pidDer 10 sed an aanidus betwm 

rtoovtiiog fbriDatkn flo^ 

15. A mecbod as defined in Claim 14, flixtlicr comprigiir 
10 allying a fluid preswrecxtennlly of tibepr^^ 

the fluid pressuxe witidn the produetioQ tubing string; and 

rdening the production tulmig string from the liner while maintaining tlie 
fluid pressure vAgxdby a revene fluid ciiculation flow is fi^ahHshfri to caxry wdl 
fluids and contaminants upwan&y thioagh the production tuUng string* 

15 16. Tbo mediod as defined in Oaim U» further oon^rishig: 

manlpolatiag the predncdoo tdnng string to move die liner while cement is 

being pumped into the iweQbore; and 

dxcttlatfaig well fluid between die production padv and die wdl casi^ 

pumping cement throu^ the production tubing s&ing. prior to setting the production 

20 



17. The metfiod as defined in Claim 14, ftmher< 

removing & poricn of the jKoduction tdnng string ftom die wellbore to 
position a safisty valve widiin dm production niUi^ string prior to recovering 
formation fluid dirough die liner and die production ttibing string. 



2S 



18. The method as defined in Claim 14» wherein setting the production 
packer indudes wHU^ag snnuhis pi 'u ssure between die piodoctloo tubing string and 
the well casing to set die production packer. 
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19. iiiB nedkod M defined in Claim 14, fiadier eompda^ 
providing toosmr sob beneath die iiroditt^ 

end of die pfodnedon tnbing string and anivper end of die Oner. 

20. ite medMdtt defined in Oaini 14, ftudiercoiiqvi^ng: 
neeiiaaieaQy intBCoanecting the prodoctkm nMng string and an annular 
seal on die pradnetion padser such dot the packer sed roates widi die 

produedon tnbii« string widdn die wen casing. 



1 
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21. A sysfiem ftr poritinnhig of a liner bdow a well cnng udBdag a 
tuUng stdog wiftin ttae well caitaf • ooa^ahtg: 

a polidied bore l e cqfU i Ll c te selectively seiiiag and receiving an uppv 
porttoacfttc tubing string and fa diaocwm^ 
5 strings 

apftcioBr bdow the polidied bote leoqmde for seeling between the toUng 
•Mfij mm! fh^ tii^ii ^t*f^, rtii* j»ei» inghvtiii£ fi t^T>rf^f^ ptflttr ffil mpchmiciU.y 
intenGoneetBd widi Oe tnbittg string for xotadng witti die tnbing string; 

10 a cnMsow sub for tn^TTffffPwdng die lower portioo of die ^"^'"g string 

an vuppK pordop of die linerj ud 

of oeoent widda die tiddng slrfaig far piunpiQg ceuMOt 
dieliner. 

15 22. Tlie system as defined in Oaim 21, foidier ooo^ai^: 

die polldied bore leoeplaele tndndes an eloogite polished bore 
dtareeter; and 

a lowermost end of die upper poidoa of die tubing string iodudea a seal 
assembly te sealing fflgsgwiOTt widi die uniform djameter bore widrin die polished 
20 bore trccpCacle» 



23. Tlie system as defined in Claim 21, foidwr comprising: 

a torque limidng device to automatiGaUy Unit tnqoe tnnsmitiBd between the 
tubing string and die liner. 

24. Hie system as defined in Oaim 21, fordiercomprisiiv: 

2S a disconnect member for contwUably discomiecting die upper portion of the 

tubing string and die polished bore receptacle. 



25. A Bttthod of installing a linar aubatantially 
aa harainbaf on daaeribad vitH raf aranca to tha 
accoBpanying dra«ittga» 

26. A ayatn for poaitioning a llnar 
subatantially aa harainbafora daaeribad with rafaranca 
to tha accoapanying dravinga* 
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